Diagnostic/therapeutic accidents Background:
Background
Fat embolism syndrome (FES), a well-known complication of orthopedic and trauma surgery [1] [2] [3] [4] , describes a characteristic and clinically recognizable systemic reaction following a massive release of fat into the circulation that can lead to cardiorespiratory insufficiency and multiorgan failure. The traditional triad of FES, which can be subclassified as subclinical, non-fulminant, and fulminant [5] , consists of respiratory failure, altered mental status, and skin petechiae [6, 7] . Gurd and Wilson and, later on, Schonfeld, proposed a series of criteria to help the clinician recognize FES [8, 9] . The high incidence of fat embolization during cemented arthroplasty is consistent with a substantial increase of intramedullary pressures after cement pressurization, forcing fat and bone marrow into the circulation. However, several cases of FES have been reported following cementless arthroplasty [2, [10] [11] [12] . The incidence rate seems to be less than 1% in retrospective reviews, while it ranges from 10% to 30% in prospective studies [13, 14] . The incidence rate of fat embolism at post-mortem appears to be as high as 20%, exceeding by several times the clinically suspected rate. This disparity has given rise to the concept of an "iceberg effect", confirmed by the use of transesophageal echocardiography, suggesting a very high incidence of fat embolism during orthopedic surgery, even though the symptomatic forms remains relatively rare [13, 15] . Mortality rates in the 1970s ranged from 10% to 20%, whereas more recent studies report mortality rates of 10% or less, mainly because of earlier diagnosis and advances in supportive care [16] . However, there is still little information regarding the occurrence of the fulminant FES in orthopedic surgery, especially in patients with no apparent cardiovascular risk factors. We believe that this topic is clinically relevant, and that greater effort should be made in recognizing this serious and fatal condition in order to improve the survival in these patients.
Case Report
We present the case of a 72-year-old man with osteoarthritis who underwent an elective right cementless total hip arthroplasty. His past medical history included mild emphysema and hypertension. Preoperative evaluation was consistent with an American Society of Anesthesiologists (ASA) score of II, of the complementary evaluation, only a right bundle branch block. Preoperative chest X-ray findings were unremarkable. The patient was put under general anaesthesia. The intra-operative course was uncomplicated. Two hours after the intervention, the patient lost consciousness and was found to be hypotensive, with reduced oxygen saturation. Urgent echocardiographic evaluation demonstrated a severe right heart dilatation. The patient died after numerous resuscitation attempts.
Post-mortem examination revealed a severe cardiomegaly (with a cardiac mass of 640 g) as well as the presence of substenotic coronary vascular lumina with multifocal areas of mild to severe atherosclerosis. Cardiac valves were unremarkable. The abdominal aorta showed a localized dilatation, consistent with chronic aneurysm. The pulmonary arteries and major bronchi were unremarkable. The lungs were slightly edematous and congested. Brain examination findings were unremarkable. Microscopic examination of the lungs showed red blood cells marginalization and optically empty vacuolation within capillaries and arterioles ( Figure 1A ). Sudan III staining confirmed the presence of fat emboli, appearing as orange intravascular globules ( Figure 1B) . Microscopic examination of the heart revealed thickened wall of intramyocardial arterioles with subsequent bulging in the lumen ( Figure 1C ). Congo red staining and typical apple-green birefringence under polarized light confirmed the presence of amyloid deposits within the vessel wall ( Figure 1D ). Amyloid deposits consisted of TTR (transthyretin) protein. There was no sign of amyloid deposits within the myocardium or in other organs evaluated. The final cause of death was pulmonary fat embolism associated with vascular heart amyloidosis and coronary atherosclerosis.
Discussion
Although FES is relatively rare, it is a potentially life-threatening condition and its diagnosis should be considered in all patients with a postoperative change in respiratory or neurologic status after either cemented or cementless arthroplasty. FES cannot always be accurately diagnosed on clinical grounds only, because of elusive symptoms in milder forms and sudden onset with fulminant clinical course in the most severe ones. Lack of universal criteria for diagnosis and limited studies can also make the post-mortem diagnosis difficult to ascertain [17] . A widely used histological classification (introduced by Falzi and modified by Janssen) provides a four-grade scoring system for pulmonary fat embolism (Table 1) . Falzi-grade III can usually be stated as a direct cause of death without concomitant factors; however, it is also accepted that less pronounced fat embolism can lead to acute right heart failure in patients with pre-existing cardiac disease [17] . Engorgement of lung microcirculation by fat globules results in increased pulmonary vascular resistance, which in turn causes an increased workload of the right heart. If there is previous heart damage (such as that caused by an infiltrative disease), the ability to overcome this resistance is compromised and heart failure is more likely to occur, even in case of minor embolism. In the case described above, the fatal outcome was due to a moderate fat pulmonary embolism (grade II sec. Falzi) and to cardiac vascular disease, which strongly contributed to making the heart incapable of supporting the sudden increase in vascular resistance due to the fat embolism. Particularly, heart involvement by amyloid deposition is a common feature of systemic amyloidosis, but can also occur as a localized phenomenon [18] , and involvement of the intramyocardial vessels has been associated with clinically significant cardiac disease [19] . However, because of its rarity, its insidious onset, and the vague nature of symptoms, cardiac amyloidosis is hard to recognize and the diagnosis may not be made in a patient undergoing anaesthesia and surgery for an apparently straightforward problem. It is important to point out that, in the presence of cardiac amyloidosis, several unexpected complications (including heart failure) may arise, either before the operation or in the postoperative period, especially if a surgical complication (such as the fat embolism in our patient) occurs [20] . A variety of diagnostic modalities (e.g., endomyocardial biopsy, echocardiography, electrocardiography (ECG), cardiovascular magnetic resonance imaging, radionuclide imaging) are available, but no single test is sufficient by itself; hence, early and accurate diagnosis remains difficult [21] . ECG findings associated with amyloidosis include low-voltage QRS complexes, conduction defects, and pseudoinfarction patterns. Despite the presence of right bundle branch block on the ECGs of our patient, given the absence of other symptoms, preoperative cardiovascular risk was impossible to accurately assess with the standard preoperative evaluation.
Conclusions
Severe complications of pulmonary fat embolism depend on multiple risk factors, and comorbidities may play a paramount role in the overall clinical picture. Greater effort should be made to identify in advance any relevant, although insidious, preoperative risk factor such as amyloidosis. 
